Background and Methods: Nine patients with cardiovascular implantable electronic device (CIED) endocarditis were treated with daptomycin after the failure of previous treatment. The blood and CIED lead cultures of 1 patient were negative. In the other 8 patients, we observed 6 monomicrobic infections and 2 polymicrobic infections. Overall, 10 strains were isolated in these patients: 4 methicillin-sensitive Staphylococcus aureus, 2 methicillin-sensitive Staphylococcus epidermidis, 1 methicillin-resistant Staphylococcus aureus, 1 methicillin-resistant Staphylococcus epidermidis, 1 methicillin-sensitive Staphylococcus hominis, and 1 Propionibacterium acnes. The CIED was removed transvenously in 7 patients. Two patients were too sick for the removal of their CIED, and were cured with 6 mg/kg of daptomycin for 60 and 110 days, respectively, without adverse events.
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Background and Methods: Nine patients with cardiovascular implantable electronic device (CIED) endocarditis were treated with daptomycin after the failure of previous treatment. The blood and CIED lead cultures of 1 patient were negative. In the other 8 patients, we observed 6 monomicrobic infections and 2 polymicrobic infections. Overall, 10 strains were isolated in these patients: 4 methicillin-sensitive Staphylococcus aureus, 2 methicillin-sensitive Staphylococcus epidermidis, 1 methicillin-resistant Staphylococcus aureus, 1 methicillin-resistant Staphylococcus epidermidis, 1 methicillin-sensitive Staphylococcus hominis, and 1 Propionibacterium acnes. The CIED was removed transvenously in 7 patients. Two patients were too sick for the removal of their CIED, and were cured with 6 mg/kg of daptomycin for 60 and 110 days, respectively, without adverse events.
Results: One patient died 4 days after the removal of his CIED because of a complicated abdominal aortic aneurysm. The other 8 patients were cured, with a mean follow-up of 17 AE 8 months. The removed leads were negative, after daptomycin therapy, in 4 cases out of 7. The mean ratio between peak daptomycin concentration and minimal inhibitory concentration (MIC) of the causative strains was 38.3 AE 18.5. For patients whose data were available, the ratio between peak daptomycin concentration and minimal bactericidal concentration (MBC) was 13.2 AE 3.2.
Conclusion: Daptomycin monotherapy may be a useful therapeutic tool in difficult-to-treat CIED endocarditis, resulting in a high rate of cures and sterilized leads removed. The ratio between peak daptomycin concentration and MIC or MBC may be useful as predictive tool for treatment success.
Cardiovascular implantable electronic device (CIED) infection is a growing problem, because more devices are being implanted. In previous years, pacemaker (PM) infection ranged between 0.13% 1 and 19.9%. 2 Pacemaker endocarditis accounts approximately for 10% of PM infections. 3 In the United States, among Medicare beneficiaries, the rate of infection increased by 124% from 1990 to 1999. 4 The incidence of CIED infections in a large survey was 1.9/1000 device/years, with an incidence of pocket infections alone of 1.37/1000 device/years and an incidence of systemic infections and endocarditis of 1.17/1000 device/years. 5 Staphylococci, and especially coagulase-negative Staphylococci (CoNS), account for 60% to 80% of cases in most reported series. Methicillin resistance (MR) among Staphylococci varies among studies, but a low frequency of methicillin-resistant CoNS was reported among individuals with no healthcare contact, 6 whereas a high rate of MR in CoNS is associated with a healthcare environment source. 7 Coagulase-negative Staphylococci are able to produce an extracellular slime and to constitute a biofilm that functions as a virulence factor. In this way, they adhere to plastic and metallic devices such as CIEDs. Microbes in biofilm are more resistant to antibiotics and host defenses.
Daptomycin is a bactericidal cyclic molecule of a class of antibiotics, the lipopeptides. No other products from this class are in clinical use. It is active against Gram-positive microorganisms. It was approved for skin and soft-tissue infections, and subsequently for right-side endocarditis and bacteremia attributable to Staphylococcus aureus, in response to a randomized study on bacteremia and endocarditis comparing daptomycin with standard therapy. 8, 9 In an in vitro study comparing the ability of various antibiotics to eradicate Staphylococci embedded in biofilm, daptomycin proved to be most effective after short-term exposure. 10 In earlier studies it was shown to penetrate homogenously into the core of cardiac vegetations of endocarditis. 11 Nuovo Santa Chiara Hospital in Pisa is the Italian reference center for the transvenous removal of CIEDs. 12, 13 Because daptomycin is approved for rightside endocarditis, and is bactericidal on plankton bacteria and on slime-producing Staphylococci, we decided to use daptomycin in CIED-associated endocarditis that failed to respond to other antibiotics.
Materials and Methods
The medical records of patients admitted to Pisa Hospital from September 2007 to February 2010 for PM or intracardiac device (ICD) endocarditis were reviewed. Patients with CIED-associated endocarditis who had been treated with daptomycin after the failure of previous treatments were included in the study. Age, gender, predisposing conditions, and previous antibiotic therapies were reviewed. For a diagnosis of endocarditis, the modified Duke criteria were used. 14 Results of blood cultures, CIED pocket material cultures, and cultures of lead tips were recorded. Dose, duration, and blood level of daptomycin were recorded. Patients were considered cured if no signs of infection were evident at least 6 months after the end of daptomycin or other antibiotic therapy initiated as domiciliary therapy after treatment with daptomycin.
All removal procedures were performed using a mechanical dilatation method and with aseptic technique. Surgical facilities were present in the electrophysiology laboratory, and cardiosurgical standby was available in the Cardiothoracic Department, Azienda Ospedaliera Universitaria Pisana. Extraction procedures were performed as previously described. 12, 13 A new transjugular approach was used when appropriate.
At our center, we developed an approach through the internal jugular vein (a transjugular approach) to remove free-floating leads and difficult exposed leads. Free-floating leads were grasped and then exposed through the jugular vein. After the proximal ends were exposed, they were submitted to a standard procedure for exposed leads. In the presence of difficult exposed leads, the approach required slipping the lead to make it free-floating. The lead could then be exposed through the jugular vein and subsequently dilated.
The microbiology of an infection was documented by culturing on solid media (chocolate agar, McConkey agar, mannitol salt agar, or Sabouroud agar), the removed catheter leads (the proximal and distal parts), or infected material from the pocket. The tip or other parts of the leads were rolled onto the solid media. The material drawn from the pocket was spread directly on the culture plate; the leads were cultured on the plate by direct rolling. Two sets of aerobic and anaerobic blood cultures were taken after removal and in case of fever in all patients. The blood cultures system we used was BACTEC 9240 (Becton-Dickinson, Milan, Italy). For the identification of organisms, an automated system (API, Bio-Merieux, Mercy L'Etoile, France) was used.
Ratios of minimal inhibitory concentration (MIC)/ minimal bactericidal concentration (MBC) of the causative strains were performed using 2-fold dilution on cation-adjusted Mueller-Hinton broth (Oxoid, Ltd., Basingstoke, Hampshire, UK) and an inoculum of 5 Â 10 5 colony-forming units (CFUs)/mL. The plates were incubated for 20 to 24 hours, and the MICs were read. Thereafter, clear wells were subcultivated and CFUs were counted. MBCs were defined as the lowest antibiotic concentration that decreased the final inoculum by !99.9%. For daptomycin, a Mueller-Hinton broth with 50 mg/mL calcium was used. The removal of the infected CIED was performed after at least 10 days of daptomycin therapy.
Daptomycin concentrations were measured using a high-performance chromatographic method with ultraviolet detection. Briefly, 100 mL of plasma were extracted with 200 mL of methanol, and clear supernatants were analyzed in a Waters Breeze apparatus (Waters, Milford, CT) equipped with a Waters 2476 dual-wavelength ultraviolet detector set at 214 nm. The elution of standards was obtained isocratically through a BDS C 8 Hypersil chromatographic column (250 Â 4.6 mm, 5 mm; Phenomenex, Torrance, CA), using an acetonitrile/phosphate buffer mobile phase. 15 Creatin phosphokinase was monitored every 5 days. During each visit, patients were checked for muscle pain or toxicity.
Ethics
Ethics Committee of the Azienda Ospedaliera Universitaria Pisana approval for this research study (protocol number 55945) was obtained on September 24, 2009.
Results
Overall, 290 patients with CIED infection were treated at our center during the 3-year study period. Nine patients with CIED endocarditis were treated with daptomycin after the failure of previous treatments, and were included in this study. Table 1 summarizes the characteristics of patients and treatment regimens. All patients were male, and their mean age was 70 AE 12 years. One patient's blood and PM lead cultures tested negative (patient 4). In the other 8 patients, we observed 6 monomicrobic infections and 2 polymicrobic infections. Overall, 10 strains were isolated in (5) In the other 2, CIED right-side endocarditis was confirmed by transesophageal echocardiography. In 2 patients, the left valves were involved. In 1 patient, the aortic mechanical and native mitral valves were affected (patient 2), whereas in the other, only the mechanical aortic valve was affected (patient 9). In patient 4, a microorganism was not isolated, but that patient fulfilled the criteria for the diagnosis of endocarditis: vegetation according to transthoracic echocardiography, fever, a predisposing heart condition, and a positive rheumatoid factor. In all 9 patients, daptomycin was initiated after the clinical or microbiological failure of previous therapy. Daptomycin was administered at 6 mg/kg in all patients, except for patient 9, who received 8 mg/kg. Daptomycin was administered for a mean of 49 AE 32 days. Daptomycin was administered before CIED removal for 29.2 AE 27.6 days in the 7 patients in whom a CIED was removed transvenously. Daptomycin was administered as monotherapy in 6 patients. In 2 patients, piperacillin/tazobactam as empiric anti-Gram-negative therapy was combined with daptomycin. In patient 6, pathogen-directed rifampin therapy was added to daptomycin for 30 days. The extraction of the entire device was performed in 7 out of 9 patients. In patients 1 and 2, removal of the device was considered too risky. These 2 patients were cured with prolonged daptomycin therapy of an MSSA right-side endocarditis and of right and left side (prosthetic and native valve) endocarditis, respectively ( Table 2 ). In the other 7 patients, the CIED was removed transvenously. In 4 cases, CIED lead tip cultures tested negative. Of these patients, 1 had an unknown infection, whereas the other 3 had previously yielded several blood cultures positive for MSSA (2 patients) and S. hominis in (1 patient). In the other 3 patients, CIED lead tip cultures tested positive, and in 2 cases, the result was consistent with the microorganisms of previous cultures. In patient 9, the CIED culture was positive for P. acnes, whereas several blood cultures were previously positive for MSSE. In 6 patients, the CIED was reimplanted. In 4 patients, it was implanted during daptomycin therapy, in 2 patients it was implanted 2 days after removal of the infected CIED, and in the other 2 it was implanted 4 days after removal of the infected CIED. One patient died 4 days after removal of the CIED because of a complicated abdominal aortic aneurysm. The other 8 patients were cured (mean follow-up, 17 AE 8 months). Six patients were treated with other antibiotics after the removal of their CIED (Table 1) .
Daptomycin blood levels were available in 6 patients. The trough mean blood concentration was 9.5 AE 4.1 mg/ L, whereas the mean peak blood level was 37.1 AE 13.8 mg/ L. In these 6 patients, we were able to calculate the ratio between peak concentration and MIC of daptomycin of the causative strain: this ratio was 38.3 AE 18.5, ranging from 19.2 to 71.4 ( Table 2 ). Because we did not have the daptomycin concentration of the patient who had died 4 days after the extraction, we may speculate that the mean value of 38.3 for this ratio, as obtained in patients who were cured, may be the goal for daptomycin therapy in these patients. Values of the ratio between peak concentration and MBC for the 4 available isolates are listed in Table 2 . The mean value was 13.2 AE 3.1, ranging from 9.6 to 17.8 ( Table 2) . No adverse event related to the administration of daptomycin was evident.
Discussion
The removal of all hardware is recommended for established CIED infections, and especially endocarditis. 16, 17 Attempts to apply antibiotic therapy alone have been mostly unsuccessful, at around 90% rate of failure in published series. [18] [19] [20] Percutaneous lead extraction has become the preferred method for the removal of CIEDs, although it is not free of complications such as cardiac tamponade and pulmonary embolism. However, in high-volume centers, it can be relatively safe, with a high rate of success. Percutaneous lead removal may pose a risk of pulmonary embolism in cases of endocarditis with vegetation >2 cm. In these cases, the decision relies on the patient's characteristics and the experience of the extractor. Only patient 6 manifested vegetation of >2 cm, and therefore he was treated for several months with antibiotics and anticoagulant before extraction.
Patients 1 and 2 were too sick for the removal of their CIED. Therefore, only antibiotic therapy was performed. These 2 patients were cured with prolonged therapy. Because of its bactericidal activity and ability to penetrate biofilm, daptomycin has been used successfully to treat prosthetic valve endocarditis in patients for whom valve removal was not a therapeutic option. 21 But in terms of CIED-associated endocarditis, these are the first 2 cases, to the best of our knowledge, in which daptomycin was able to cure an infection without removal of the hardware. In fact, Cunha et al described a case of endocarditis cured without surgery, but only after removal of the entire PM, and the cultures of the electric wires remained positive for MSSA. 22 The optimal timing of device replacement is unknown, and no prospective trials have examined the time of replacement and risk for relapse of infection. h e a r t & l u n g 4 1 ( 2 0 1 2 ) e 2 4 ee 3 0
Sohail et al demonstrated differences in the timing of replacement, based on blood culture results or type of pathogen. 16 Some authors suggested a 24-hour interval for replacement, 23 and only 1 medical center proposed simultaneous contralateral replacement of an infected CIED, based on 16 patients with endocarditis. 24 In 7 patients, the hardware was completely removed. Cultures of electric wires tested negative in 3 patients with previous positive blood cultures after 90, 15, and 20 days of daptomycin therapy, respectively (patients 5, 6, and 7; Table 1 ). Because of its bactericidal activity against slime-producing bacteria, daptomycin may be able to sterilize the CIED, permitting the insertion of a new device in patients dependent on their CIED in a few days under antibiotic coverage, without relapse of infection. In our previous experience, 13 we implanted a new device at a median time of 48 hours. In this series involving treatment with daptomycin, we reinserted the new device more confidently in cases of sterilized, extracted CIEDs. Notably, these patients had negative culture results after a daily dose of daptomycin at only 6 mg/kg. In patient 8, the culture of the lead was still positive for the causative MRSA strain, with an MIC of 2 that was considered resistant and an MBC of 4 mg/L, higher than the other MBC values found in this series. In the 2005 Cubicin Outcomes Registry and Experience findings for daptomycin therapy, responses to MRSA were poorer than in MSSA endocarditis, although the difference was not statistically significant (P ¼ .34), 25 suggesting that daptomycin may be less effective against MRSA than MSSA. Most probably, we effected a cure in patient 8 because of complete hardware removal and prolonged antimicrobial treatment, and we speculate that removal of the infected device is even more mandatory in cases of MRSA infection. Further, a higher peak concentration of the drug was detected in this patient. Intracardiac echocardiography is a good tool for the diagnosis of endocarditis, and in right-side endocarditis is able to measure the real dimensions of vegetation to establish if the vegetation is >2 cm, the limit for transvenous removal without the risk of massive embolism. 26 In patient 6, daptomycin was administered for at least 30 days with rifampin. In an animal study, rifampin would seem to be a better choice with respect to gentamicin, but clinical data on combinations of daptomycin and rifampin are lacking.
The cure of CIED-associated endocarditis using only bactericidal antibiotic therapy without hardware removal may prove very rare. Furthermore, the retention of a CIED may be responsible for a high associated mortality rate, 27 especially in endocarditis. Kugener et al reported that 16 of 19 (84%) patients treated with antibiotics alone died, compared with only 3 of 39 from whom a device could be removed. 28 Moreover, when an entire CIED is removed, sterilizing the leads may be very important in the prevention of relapse. When the removal of a CIED is difficult or contraindicated (as with patients 1 and 2 in our series), a bactericidal drug must be used.
A tool to measure bactericidal activity may involve the bactericidal activity of the serum. Otherwise, the ratio between the peak concentration and MBC may constitute a surrogate. For the 4 patients in whom this information was available, the mean ratio was 13.2. This ratio may be compared with the activity of that serum diluted up to 13 times that remains bactericidal. Eggiman and Waldwogel suggested that in cases of staphylococcal CIED endocarditis without the removal of the entire device, the serum bactericidal activity has to be more than 1:16, ie, a value similar to that which that we found of 13. 29 In the same review, they suggested more than 6 weeks of therapy, and in concordance, we report a mean value of 49 days. Prospective comparative studies need to be performed to validate daptomycin monotherapy in CIED endocarditis.
Conclusions
Daptomycin, in association with the removal of an infected device, is effective and safe in the management of CIED endocarditis. When an infected device cannot be removed, a prolonged course with daptomycin can be effective and safe. The ratio between the peak concentration and MBC may constitute a surrogate of the bactericidal activity of the serum.
